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Whistler-Based ECRH Thruster — Concept k 

• A thruster using ECRH has no electrodes and, Is thus less sensitive to 
materials problems than arc-based thrusters such as the Magneto-Plasma 
Dynamic (MPD) arc. 


magnetic field 



Rear wall bombardment can 
be minimized, by a large 
mirror ratio between the 
resonance and peak field. 
(The flow across the mirror 
Is reduced by approximately 
the mirror ratio from that 
downfteld.) This: 

o Maximizes efficiency by 
minimizing energy loss to 
the wall 

o Maximizes llfotlme by 
minimizing material 
damage 
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Cr oss-field Coupling in the He licon AonmYin^ f^ 
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The wave characteristics can be seen 
perpendicular Indices of refraction 



from a plot of the squared parallel vs 

Waves In the upper-right quadrent are 
propagating both along z and radially. 
These are the waves of Interest 

There are two such waves at a given 
parallel Index of refraction, but one Is 
at very large perpendicular Index of 
refraction and not of Interest In the 
flnlte-radlus plasma column 

The flnlte-radlal geometry will plckout 
particular values of m 
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Wave propagation: 

Waveguide with helix anil plasma E9 

• Several mode* .l,h dl.lerem rad,., atree.ere prop.ga,. , he 
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Wave structure: H igh impedance mode. 



. Electric field = solid lines, 
• Note no jump In magnetic 


magnetic field- = dashed lines 
field corresponding small current 


flow 
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S ystem Impedance varies with plas m a dangify jjg 

• The experiment Is designed to allow toning of the microwave system 



Wave Absnrpfir 

This has two favorable consequences for absorption: 

° ^velen^h 0 so 0 \hat 0 ^e?lectlon , ^ 0 v^ ",2 al ° n ° * h# "‘ ,d -« 

0 - ... 
couples to the bulk electrons * k,¥m = °> 

' fl ~ ,,y ,m% <" **• *•"•»» «... .. ... 

velocity distribution P °CelcuTa!lons n ar al,y fl ! n w ra,e 8 nonlhermal «<ectron 
consequences ' a,cu,a,,ons ara needed to quantify this and Its 
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Flow gpnsmv /ity to electron distribution fgnctU 


The Isothermal and adiabatic limits Illustrate the sensitivity of the 
!,ow to Jhe thermal conductivity and thus to the electron 
distribution function 

PrRH , he electron distribution may be ansiotropic and 
F ihnrmai In nature with significant consequences for thermal 

•""« "«»■ '*' yc,,na “ ,B8 

wall, etc. 

nrfidlctina performance. 
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m particle- n-cell code - ICEPIC - has been used to model the 
thruster plasma heating and motion along the magnetic field 


• Individual particles are followed 
approximation 


In the guiding center 


o 

o 

o 


Electrons are heated by rf with velocity-space diffusion In 
the quasltlnear approximation 

Tho !!' pr#8e "’ cases * the electrons are weakly colllsional 
The Ion mass Is 100me to speed up calculations 


« rsjsryir - - - — - - 


• Two cases are compared 
Inlected T. 
No ECRH 100 eV 

ECRH 5 eV 


Inlected Ti 
5 eV 
5 eV 


fiCBH 

None 

Erf = 320 V/cm 


Geometry for PIC code modpl 
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Magnetic field strennth* 
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Fiprtrnn "temperature” moment in the flow 


The electrons are highly anisotropic even without ECRH 
The electron temperature Is highly nonuniform a,on 8 ® 

Strono electron heating by ECRH Is evident perpendicular to B 
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ECRH 



Axial Position (cm) 



Density and potential are s trongly affected t?y ECRH . 


la 


Note the rise In potential upheld of the ECRH. It reduces the flow of 
Ions to balance the pDB/as force on the electrons and maintain 
quaslneutrallty 



ECRH 




Axial Position teal 
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Initial experimental 


tests: preparation 


U9 


• Initial experiments will be conducted at NASA LeRC (tank 7) 

o Space has been provided; magnet9 and SCR controller for pulsing 
microwave power have been sent to LeRC 
o Microwave components have been delivered to LeRC 
o Vacuum vessel, helical coupler, and gas box have been 
constructed and are undergoing final bench tests at LLNL 

, First experiments will be directed to forming the plasma and 

making preliminary measurements of density, electron temperature 

* Subsequent experiments will explore the details of the plasma for 
comparison with modeling 

o Electron anisotropy 
o Suppression of flow to rear wall 
o Efficiency 

. Measurements will also be made of the separation of the plasma 
plume from the magnetic nozzle 



